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MANUFACTURE OF AUTOGENOUS REPLACEMENT BODY PARTS 


Relation to Related Applications 

This application is a contmuation-in-pait of USSN 08/253.398, fded June 3, 1994, the disdosuie 
of whidti is incoiporaled herein by reference. 

Field of ttie Invention 

This invention relates to materials and methods for the repair and regeneration of plural distinct 
tissues at a single defect site in a mammal. More paiticulady, the invention is concerned with materials 
and methods for the manufacture in vivo of autogenous replacement body parts, including mammalian 
skeletal joints, comprising plural different tissues, such as ligament, articular cartilage and bone tissues. 

Background of the Invention 

Skeletal joints provide a movable union of two or more bones. Synovial joints are highly evolved 
articulating joints that permit fiee movement Because mammalian lower limbs are concerned with 
looxnodon and vppcx limbs provide versatility of movement, most of ttie joints in ttie extremities are of the 
syno^type. There arevarious types of synoWal joints. Thdr classification is based upon ttie types of 
active modon that they p^mit (uniaxial, biaxial, and polyanal). They are differ^ated further according 
to their princ^al mor^diological features Qaingt, pivot, condyloi<9. bi contrast to fibrous and cartilaginous 
joints where ttie ends of tiie bones are found in condnuity vnOi intervening tissue, tt|e erids of the bones in a 
sgrnoWal joint are in contact, but separate. Because ttiebories are not bound intraiidiy, the integrity of a 
synovial joint residts frcmi its ligaments and capsule (yMdi Und ttie articulation extenoally) and to some 
extentfiomttiesunoundirigmusdes. bsyriovial joints, tfieoxitiguousbcmysurfa^ 
articular or, Ir^aline cartilage, and the joint cavity is surrounded by a fibrous capsule vdiidb segregates ttie 
joint fiom the sunoundirig vascularized mviroriment The iruier surface of theoqpsuleislinedby a 
synovial layer or '"membrane** containing cells involved in secreting the viscous lubricating syriovial fluid. 
Gray, Anatomy of the Human Body , pp. 312; 333-336 (13th ed,; C.C. Qemente, ed., (1985)). 
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In ceitain synovial joints, tfie joint or synovial cavity may be divided by a meniscus of 
fibiocaitilage. Synovial joints involving two bones and containing a single joint cavity arc referred to as 
simple joints. Joints that contain a meniscus fomiing two joint cavities arc called composite joints. The 
teim compound joint is used for those articulations in whidi more than a single pair of articulating surfaces 
are present 

Joint replacement, paiticulaiiy articulating joint replacment, is a commonly performed procedure 
in orttK^)edic surgery. However, the ideal material for replacement joints remains elusive, lypically, joint 
leconstmcdon requires repair of the bony defect, the articular cartilage and, in addition, one or more of the 
joining ligaments. To date, there are no satisfaaory clinical means for readily repairing both articular 
cartilage and bony defects within a joint which reliaUy results in viaUe, fully*functional weight-bearing 
joints. Prosthetic joints whidi rqplace all the mdogenous joint tissues drcumvent some of these problems. 
However, prosthetic joints have numerous, well documented limitations, particularly in younger and highly 
active patients. In addition^ in some circumstances prosthetic joint replacement is not possible and repair 
options are limited to osteochondroallograft materials. 

The articular, or hyaline cartilage, found at the end of articulating bones is a specialized, 
histolo^cally distinct tissue and is responsible for the distribution of load resistance to comixessive forces, 
aiid die smooth glUding that is part of joint function. Articular cartilage has little or no sdf-r^eoeFative 
prop^es. Thus, ifthe articular cartilage is tom or worn down in tMdmess or is ofheri^ 
function of time, disease or trauma, its ability to imtect the unded^ng hem surface is com[Homised. 

Other ^pes of cartilage in sireletal joints indudefibrocartilage Seomdary 
caitila^nousjouits are formed by discs of fibrocartilagewUdijoui vertebra In 
fbrocartilaget ibc muoqxfly-saodiaride network is intnlaoed with prominent collagen bundles and the 
cfacmdrocytes are more widely scattered than in hyaline caitil^ Elastic cartilage contains collagen fibers 
¥Adcfa are histiflo^caUy similar to elastin fibers. As vdthottier connective tissues the formation of 
cartilaginous tissue is a oompla biological i»ocess, involving tiie intnaction of cells and collagen fibers in 
a unique biochemical milieu. ^ 

Cartilage tissue, including articular cartilage, unlike other connective tissues, lacks blood vessels, 
nerves, lym[Aiatics and basement membrane. Cartilage is onnposed of ctumdrocytes which syntiiesize an 
abundant extracellular milieu composed of water, coUagens, proteoglycans and noncoUagenous proteins 



S andlipds. GoUagen serves to trsf) proteoglycans and to provi<fetmsaes^ T^pell 
collagen is the predominant collagen in cartilage tissue. The proteoglycans arc composed of a variable 
number of glycosaminogiycan chains, keraiin sulpliate, chondroitin sulphate and/or dermatan sulphate, and 
N-linked and 0-linked oligosaccharides covalently bound to a protein corc. The sulfated 
glycosaminoglycans are negatively charged resulting in an osmotic swelling pressure that draws in water. 

10 

In contrast, certain coUagens such as the fibrotic cartilaginous tissues which occur in scar tissue 
for example, are keloid and tyincal of scar-type tissue, i.e., composed of capillaries and abundant, 
irregular, disoiganized bundles of Type I and Type II coUagea 


IS Ifistolo^cally, articular or hyaline cartilage can be distinguished from other fonns of cartilage, 

s . both by its morphology and by its biochemistry. Morphologically, articular cartilage is diaracterized by 
^1 superficial versus mid versus (ktp ''zones'' which show a duuactBristic gradation of features horn the 

surface of the tissue to die base of the tissue adjacent to the bone. In the superfidal zone, for example, 
Q I chondrocytes are flattened and lie parallel to the surface embedded in an extracellular networic diat contains 

tangentially arranged collagen and few proteoglycans. In the mid zone, chondrocytes are spherical and 

ril 

iji surrounded by an extracellular network rich in proteoglycans and obliquely organized collagen fibers. In 
s the cte^ zone, dose to the bone, the collage fibers are vertically oriented. Tlie keratin su^hate rich 

^! {TOtec^ycans increase in concentration wittiincreaangcUstanoefi^ Foradetailed 

ill 

fij description of articular cartHage micto-stnicture, see, for examffle, (Ayddotte and Kuettn^, (1988), Conn, 
liss^- 1£:205; Zanetti ct aL, (1985), LimM^ 
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Biodiemically, articular collagen can be identified by the presence of Type n and Type DC 
collagen* as wdl as by ttie inesehce of wdl-diaracteiized proteoglycans, and by tiie absemx of Type X 
odlaga, wtudi is assodated witti ododKXidra^ 

In Doimal articular cartilage, a balance exists between synthesis and destruction of the above- 
described extiacdlular network. However, b tissue subjected to iqyeatedtiaimia, for exanqde^^ 
fiiction between misaUgned bcxies in contact with one another, or in joint (fiseases diaracaterized by net loss 
of articular cartilage, e.g., osteoarthritis, an imbalance occurs between syntiie^s and degradation. 

Two types of defects are recognized in articular surfaces, i.e., fiill-thickness defects and superficial 
defects. These defects differ not only in the extent of physical damage to the cartilage, but also in the 
nature of the repair response eadi type of lesion can elicit 
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Bdl-thickness defects of an aiticulating surface include damage to the hyaline cartilage, die 
calcified cartilage layer and the subchondral bone tissue with its blood vessels and bone marrow. Full- 
thickness defects can cause severe pain since Uie bone plate contains sensory nerve endings. Such defects 
generally arise from severe trauma andsor during the late stages of degenerative joint disease, sudi as 
osteoarthritis. FtiU-thidcness defects may, on occasion, lead to bleeding and the inductim of a repair 
reaction from the subchcxidral bone. In such instances, however, ttie iq[>air tissue formed is a vascularized 
fibrous type of cartilage witii insuffidmt biomechanical properties, and does not persist on a long-term 
basis. 

In contrast, superfidal defects in the articular cartilage tissue are restricted to the cartilage tissue 
itself. Such defects aie notorious because they do not heal and ^ow no prop^ity for repair reactions. 
Sup^dal defects may impear as fissures, divots, or defis in the surface of the cartilage, or ttiey may have 
a "orab-meat" sq)pearance in the affected tissue. They contain no bleeding vessels (blood spots) sudi as are 
seen in fidl-tiiickness defects. Superfidal defects may have no known cause, however, they are often the 
result of mechanical derangement which lead to a wearing down of ttie caitila^ous tissue. Sudi 
medianical derangements may be caused by trauma to the joint, e.g. , a displacemmt of torn meniscus 
tissue into ttie joint, meniscectomy, a taxation of ttie joint by a torn ligamait, malalignm^ of joints, or 
bone fiacture, or by hereditaiy diseases. Superfidal defects are also characteristic of eariy stages of 
deg^rativejobit diseases, such as osteoarthritis. Since the cartilage tissue is not innervated or 
vascularized, superficial defects do not heal and often degenerate into fiill-ttiidmess defects. 

Rqilaoonrat with prosttietic joints is currentty the pefened optim for serious degeneraticm of joint 
fonction involving loss of articular caitQage. It is antidpated that a means for functional reconstruction of 
joint ocmptexes, hiclnding regeneration and repair of articular cartilage, will have^a profound efifect on 
allopbstic joint replacement surgery and ttie managemoit of degen^ative joint disease. 

like articular cartilage, joint ligaments wfaidi serve to connect intoacting bcMies in the joint, have 
littie or no sdf -regenerative propeities. Ligaments Really are composed of substantially paralld bundles 
of vdiite fibrous tissue. They are pliant and fiexiUe to allow substantially complete fifeodom of movment, 
but are inextensQe to prevent over-extension of the interacting bones in the joint Uke bartilage, ligament 
tissue is substantially devoid of blood vessels and has littie or no self-regenerative properties. Suigical 
repair of torn or damaged ligament tissue to date is limited to use of autogenous grafts or synthetic 
materials ttiat are sui^pcaUy attached to the articular extremities of die bones. Allogaiic ligaments 
typically fail mechanically, presumably due to the treatments required to render these materials 
bioccHnpatible. Similariy , tendons are rope-like stmctures which connect muscle fibers to bone or cartilage 
and which are formed from substantially paralld fibroids of viiite connective tissue. The synovial opsule 


is apposed of a thin layer of ligamentous tissue which encloses the joint and allows the joint to be battled 
in the lubricating synovial fluid. The interior of the joint capsule is lined with a thin membrane of 
connective tissue having branched conncctive-lissue coqpuscies defining ihe synovial membrane, and which 
is primarily responsible for secreting synovial fluid into the cavity- The integrity of this monbrane 
therefore, is important to maintaining a source for ttie lubricating synovial fluid Repair of these tissues in 
orthopedic contexts typically is limited to resuturing of ensting tissue. 

Bone tissue differs significantly fiom the other tissues described hereinabove, including cartilage 
tissue. Spedfically, bone tissue is vascularized tissi^ composed bodi of cells and a bi(^ic medium which 
is composed of a mineralized, inorganic component (primarily hydroxyapatite crystals) and an organic 
component comprised primarUy of Type I collagen. Glycosammoglycans constitute less than 2% of this 
organic componmt and less than 1% of the biphasic medium itself or of bone tissue p^ se. Moreover, 
relative to cartilage tissue, ttie collagen present in bone tissue exists in a highly-organized parallel 
arrangement 

Bony drfects, whettier fixnn degenerative, traumatic or cancerous etiologies, pose a fonnidable 
cfaallfflge to the reconstmctive surgeoa Particulariy difficult is reconstruction or repair of skeletal parts 
that comprise part of a multi-tissue complex, such as occurs in mammalian joints. 

Mammalian bone tissue is known to contain one or more protdriaceous materials presumably 
active durii^ growdi and natural bone healirig wMch can iTKluce a de^ 

lesultipg in endochondral bone fonnatioa The developmental cascade involved in endochondral bone 
difGnentiation consists of chemotaxis of mesendiymal cdls, ptolif^^ 

ciiondrocytes and osteoblasts, differentiaticHi of cartilage, vascular invasion, bcxie formation, lemodding, 
aixl finally manow diffraintiatiorL 

TYue osteogenic factors C3p2b\c of inducing the above-described cascade of events that result in 
endodbondral bone fonnation have iiow been kleiitified, isolated These proteins, which occur 

in nature as disulfide-bonded dimericproteiiis, are referred to in the art as **osteogciiic**iHOtehis, 
"^osteoinductive** proteins, and *1x>ne morphogenetic** proteins. Whettier naturally-occurring or 
synthetically prepared, these osteogenic proteins, when implanted in a mammal typically in association with 
a substrate ttiat allows the attachment, proliferation and differentiation of migratory progenitor cells, are 
capable of inducing recruitment of accessible progenitor cells and stimulating their proliferatioiu inducing 
differentiation into chondrocytes and osteoblasts, and further inducing differentiation of intermediate 
cartilage, vascularization, bone formation, remodeling, and finally marrow differentiation. Those proteins 
are referred to as members of the Vgr-1/OPl protein subfamily of the TGF^ super gene family of 



5 stmcturally related proteins. Members include the proteins described in the art as OPl (BMP-7), (»>2 
(BMP-8). BMP2, BMP3. BMP4. BMP5. BMP6, 60A. DPP, Vgr-l and Vgl. See., e.g., U.S. 5.01 1.691; 
U.S. 5,266.683. Ozkaynalc et al. (1990) EMBO J. 2: 2085-2093. Wharton et al. (1991) PNAS M:9214- 
9218). (Ozkaynak (1992) J. Biol. Chem. 262:25220-25227 and U.S. 5.266.683); (Celeste et al. (1991) 
PNAS S75843-9847); (Lyons et aL (1989 ) PNAS S6:4554-4558). These disdosurcs describe the amino 

10 add and I^A sequences, as weU as the diemical and physical characteristics of these proteins. Seealso 
(Wozney et al. (1988) Sdence 242:1528-1534); BMP 9 (Wp93A)0432, pubUshcd Januaiy 7. 1993); DPP 
(Padgett et aL (1987) Nature 22S:81-84; and Vg-1 (Weeks (1987) Cdl 51:861-867). 


It is an object of the instant invention to provide a bioresort>aUe matrix and device, suitable for 
IS regenerating body parts vAiich comprise two or more functionally- and stnicturaUy-assodated yet distina 
, , replacement tissues in a mammaL Anottier object is to provide compositions and methods for tfie iq>air or 
Q complete leconstiuction of a mechanically and functionally viable skdetal joint in a mammal, paiticulaily 

y an articulating or synovial joint, as well as ottier body parts comprising bone and bona fide hyaline 

Si 

m cartilage, without relying on prosthetic devices. Another object is to (xovide materials and mettiods for the 
f20 rquurof tissue defects in an articulating mammalian joint, so as to fonn amecbanically and functionally 
viable joint compri^g bone and articular cartilage, ligament, tendon, synovial monbrane and synovial 
cif)sule tissue. Another objea of the invention is to provide means for restoring functional non-mineralized 
tissue in a skeletal joint including the avascular tissue ttiereia 


O 
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2:25 Symm^iy pf the feygntipn 
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In accordance with the present inv^on, methods and deuces are provided for die manufacture of 
a live autogenous rqflacement part conqirisiog plural distinct tissues. In one Bspoct the replacement body 
partindudespartordlofamammalisbdcdetaljoint^inc^ As 
30 described berdoi bdow, tiic methods and compositicxis of the inveoticm are sufBdcnt to restore medianical 
and functions viable of ttie tissues associated witti a skdetal joint, including bone (and bone manow), 
articular cartilage* ligament, tendon, synovial capsule and synovial membrane tissues. Tbus the invention 
provides mettiods and compositions for r^laoement of one or more of the jflura^. distina tissues that define 
a mammalian skeletal jomt ^ 

35 

The invention provides, in one aspect therefore, a novel matrix for fonning a mechanically and 
stmcturally functional, mammalian, replacement body part comprising plural distinct tissues. Hie matrix 
comprises intact re^dues specific for or characteristic of, and/or derived from at least two distinct tissues 
of the replacement body part. As will be appreciated from the description provided herein bdow, the 
40 matrix can indude residues specific for four or more distinct tissues. The matrix is biocompatible and 
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5 Inoiesoibable. SpecificaUy.itissuffidaiflyfr^^f pathogens and a^^ that can result in graft 

rejection. Preferably the matrix is derived fiom an allogenic or xenogenic body part. Preferably, it is 
derived from a mammalian donor, such as a cadaver. Tlie body part may be rendered inert or "devitalized" 
by dehydration, such as by ethanol extraction and lyophilization, so that no residual cellular metabolism 
remains, but the function of endogenous growth factors and the like can be restored upon in situ 
10 leocmslitution by endogenous body fluids. The treated body part which now is substantially depleted in 
antig^c and pattiogenic co^^)onents and now is biocompatible, maintauis ttie reindues specific for the 
plural distina tissues OHistituting the body part sought to be iq>laoed. These residues include those of 
plural distinct tissues with dimensions and structural relation^ps to eadi other which numic those of the 
body part to be replaced. 

15 

y. The thus treated matrix having utility in the methods and devices of the inv^on lacks significant 

mechamcal integrity as compared with native tissue and, on its own, is not sufficient to induce regeneration 
of a veplaoraient body part or tissue when implanted. However, by impregnating or otherwise infusing the 
W interstices of the matrix wifli osteogenic protein so that the protein is disposed on or adsoifoed to, the 

surfaces of the matrix, ttie device of the instant invention is fonned and is suffident to induce fomiation of 
Ml new tissue in vivo sudi that regeneration of a mechanically and functionally viable rq)laomient body part 
p. occurs insitu. 

m 

n I Jn p:ef erred embodiment, the device oon^rises part or all of a skeletal jomt excised from a 

mammalian donor allogenic or xenogenic to the donee. Treated as described herein the device con^rising 

ni tfieall(^emcorxenogenicskdetMjoim(l)isbiocompatible,namd^^ 

non-antigemc to prevent graft rejection in vivo, and (2) is suffidentto induce fonnation of a functionally 
viable autogenous rgilaoemmt j(rint in vivo, induding gena:atiiig fimctional bone, articular cartilage, 
li^unent and capsaic tissue in oxiect idation to one anoChar sudi Itaat a structuraHy and medianicaUy 
30 fimcticmal replacement jc^iesuUs. 

bi anodic embodiment, tiie inventicm provides a device vMch serves as a tenqdate for fomiing in 
^vo part or all of a dcdetal synodal joint comprising plural (fistinct tissues ^nd v^ch , in re^nse to 
moiphogenic signals, induces new tissue foimation, induding new articular cartilage tissue fiom 
35 responding cells presmt in the synovial environment The newly fonned tissues assume the shi^ and 
function of die original tissue in the skeletal joint. 


In another aspect, the invention provides methods for replacing a defective body part comprising 
the st^s of: excising the defective body part and implanting the device of ttie instant invention. In one 
40 embodiment, ttie metiiod also comprises the additional step of proWding a supifly of mesenchymal cdls to 
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S the implanted device, as by threading or otiienvise providing a muscle flap piefused with a blood supply 
into a hollow poition of the device. In another embodiment the device is implanted at a locus in the body 
of die individual distinct from the defect site but which allows generation of the replaccmenl body part. 
The autogenous body part thus formed then can be implanted at the defea site. . 


10 As will be af^iedaied from the description provided herdn, in another aspect, die invention 

provides devices and mediods for the functional and medianical restoration of one or more individual 
tissues in a mammalian skeletal joint, includiqg the non-mineralized and avascular tissue therein. Thus, in 
<me embodiment, the invention provides methods and devices competent for restoring, without limitation, 
functional aiticular caitilage, ligament, synovial membrane and synovial capsule tissue. The methods and 
15 deWces described herein can be used for example, to correct supeifical aiticular cartilage defects in a joint, 
to rq>lace torn or compromised ligamrats and/or tendons, and to repair defects in synovial capsule or 
monbrane tissue. 


s s 
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I? I The devices for iq)airing individual skeletal joint tissue comprise osteogenic protein disposed on a 

WQ matrix containing readues specific for, or derived from skeletal joint tissue of tiie type to be restored, 
including, without limitation, cartilage, ligament, tendon, synovial capsule, or synovial membrane tissue. 
The device can take the form of a solid, or it can have the physical properties of a paste or geL Preferably, 
^ ; ttie matrix is d^ved from allogaiic or xenogeiuc tissue, and is treated as described herein to form a 
fil UooonqMKtible devitalized matrix* 

In anotlier mbodiment the matrix can be fomiulated denovo from synttietic andA>r naturally- 
derived componoits. Themalrix includes both (a) residues spedfic for, or chanurtoisticot die g^^ 
tissue and , (b) materials suflBciCTtto create atcnqwraiy scaffold for infiltrating cdls andd^unng attiiee 
cfimen^onal structure wtdcfa mindcs ttie dim^sions of ttie dedred rqdaomient tissue.Usdul such materials 
30 are described heidnbdow. Suitable tissue-q)edficre^dues can be obtaiiied from devitdizedd^^ 
xeaogeitic tissue and confined widitliestmctuFalniaterids as described syntiietic 
matrix. In anottierembodiinent, ttie matrix ccHnptisesdevitdi^ Ihsome 
drcumstanoes, as in tlie formation of articular cartilage on subch(Hidral bone, a non-mineralized matrix 

i 

material defining a ttiree-dimensional stnicture which allows die attachm\^t of infiltrating cells, can be 
35 suffident, in combination with osteogemc protein, to induce new tissue formation. 


While, as described above, in a prefened embodiment tiie invoition contemplates a device suitable 
as a template for fonning in vivo a replacement skeletal joint, as will be appreciated by the practioner in the 
art ttie invention contemplates, and the disdosure enables, a device suitable as a tem^date for forming in 
40 vivo functional iqAacement body parts other than skeletal joints and wdiich omiiHise {flural distinct tissues. 
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When used in accordance with the methods of the instant invention, the devices of the invention 

and/or (he tissues v^hich result from ihcir applicaiion, essentially satisfy the following criteria of a preferred 
grafting material: 

1. They result in fonnation of mechanically and functionally viable tissues nonnally preset 
at the site. These tissues arc of an impropriate size and have coirect structural relationships so as to result 
in a functional body pait In particular, ttie multi-tissue r^lacement pait, whettier produced in situ at the 
site of intmded use or remotely, beonnes mcoiporated, int^rating witti adjacent tissues, essoitiaUy 
mamtaining its shape, and avoiding abnomial resorption, regardless of the conditions jHesent at the 
recipient site. Weiland et al. (1983) Qin. Oithoo. 124:87 (1983). 

2. The devices are capable of being precisely contoured and shaped to exactly match any 
defect, whidiever complex skeletal or oigan shape it is meant to rq)lace. 

3. The devices viitually have unlimited supply and are relatively easy to obtaia 

4. Hie devices have minimal donor site morbidity. 

Ruthennore, ttie instant invention i»ovides prac^tioners vdtti materials and methods for skeletal 
joint r^Mur indudtng ttie tepsir of ibc bone and articular cartilage present therein, and wtudi solve 
proUeinsttiat occur usiiig the mettiods arid devi For example, the instant invention can 

induce fonnatim of bsm&k hyaline cartilage rather ttia^ Using ttie 

materids and m^faods disdosed herein, functi(»ial hyaline caitilage forms on ttie vticulating su^Eace of 
boneatadefectateanddoesnotd^^nteovertimetofitxo^ait]]^ By contrast, i»ior ait mtihods of 
30 repairing cartilage defects generally ulrimately result in devdopment of fSbnm cartilage at the defect rite* 
IMSkc hyaline cartilage, fibrocartilage lacks tfie physiological alxlity to restore articulating joints to ttieir 
funaf>adty. lhus,vd)entiieinstam materials are used uiacomlance^ 

practitioner can substantially functionally restore a cartilage defea in an articulating joint, particulariy a 
superfidal articular cartilage (fefect and substantially avoid the undesu^le formation of fibrocartilage 

35 typical of prior art mettiods, or degeneration into a "fall-tfuckness defecf \ The invention also iMOvides 
means for raring individual tissue of a joint not readily reparable individually using prior art methods, 
and whidi, in some cases, previously warranted replacement of the entire joint witii a prosthetic device. 
The invmtion further allows use of allogenic r^lacement materials for r^)airing the avascular tissue in a 
skdetal joint, and whidi result in ttie formation of mechanically and functionally viable replacement tissues 

40 at a joint locus. 
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Brief Description of the Drawings 


While the specification concludes with claims paiticulariy pointing out and specifically claiming 
the subjea matter which is legaided as constituting the present invention, it is believed that the invention 
10 will be better understood from the following detailed description of prefened embodimmts taken in 
omjunction with the accompan^g drawings in which: 

Fig. 1 is a firagmentaiy front devational view of a mammalian knee joint with sufficient tissue 
removed to show the aiticular caitilage on the condyles of the femur, the ligaments, synovial membrane, 
IS joint capsule, and ftulher showing a damaged area in ttie articular cartilage requiring repmr. 


FIGS. 2A through 2D are schematic representations of the elements used to generate a viable, 
SI functicmal glenohumoral hemi-joint in (Hie embodiment of the inventioa Fig. 2A depicts a lyophilized 
^ allograft Fig. 2B depicts osteogenic protein for ^plication to ttie lyoiMized allograft of Fig. 2A; Fig. 2C 
|tk) d^icts a musde fLzp of cutaneous maximus musde to be threaded inside the shaft of the lyojMized 
— allograft; and. Fig. 2D depicts a viable, fimctional hmi-joint resulting fiom the combination of elemmts in 
^1 Figs. 2A, 2B and 2C. Fig. 2D represents one embodiment of the device of the instant invention; 

si 
111 

FIGS. 3 A ttuougji 3D are schematic rq>resaitati(xis of the four allografts tested in the hemi-joint 
C2S of Example 2 (S week); and 

m 

FIGS. 4A through 4D are sch^atic r^resentations of the four allografts tested in the hemi-joint 
of Exan4)le 3 (6 month). 

30 PeteflctfPgscoption 

hi accordance with the present invration, no vd materials and methods are provided for ttie vepm 
and regeneration of plural distinct tissues, including manufacture of a live autogenous r^acement pait 
comprising plural distina tissues. In one mbodiment the replacement body part is a skeletal joint, 
35 paiticulariy an articulating joint, and includes, without limitation, residues specific for, or derived from, 
bone, cartilage, ligament, tendon, synovial capsule and synovial membrane tissue. 

More paiticulariy, in one aspect, the invention provides a device comprising an osteogenic protein 
disposed on the surfaces of a matrix or substrate for forming a functional, mammalian replacement body 
40 part comprising plural distinct tissues. As used herein, the teim "matrix** is understood to define a stnicture 
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5 having interstices for ttie attachment, proliferation and dififeientiation of infiltrating cells. It comprises 
residues specific for the tissue to be replaced and/or derived from tiie same tissue type, and has a shape and 
dimension when implanted which substantially miiiiics thai of the replacement tissue desired. 

As used herein, ti)e teim "residue" is intended to mean a constituent of a given tissue, which has 
10 sped&dty for, or is characteristic of, ttie given tissue, and v/bkh is derivable fiom ttie non-viable 

constituents of tiie given tissue. A matrix comprising these iesidue(s), when combined witii osteogenic 

pp^tf^Jn^ ^nrf Impl^titftH in ^ mammal In an ftnvimnmenf which mimtcg the tisaie*fi local envimnment under 

physiological concUtions, and is sufficimt for formation of specific medianically and functionally viable 
replaconent tissue. 

15 

The term "plural distinct tissue" is intended to mean f^ysiologically distinguishable tissues, such as 
r I biochemically or ultrastiucturally distinguishable tissues which reside at an anaiomicaiiy simuar locus. In 

sss. 

an articulating replacement joint device for example, the matrix can comprise residues specific for, or 

HI 

Id d^vedfix>m, bone, ca]tilage,Ugament, tendon and synovial membrane tissue. Thus, a significant aq)ea of 
p3 the matrix of ttie invoition is a single stmcture comprising residues of plural, distinct tissues, and whidu 
1 n when comUned with an osteogenic protein as defined herein, is suitable for indudng repair or regeneration 

^ of a body part that is mechanically and fimctionally viable over time M vivo . 

P 

ni • ' 

fl I As used herein, the tenns "bone** and "articular cartilage" are intended to mean the following : 

^ Bone refers to a caldfied (minenOized) connective tissue primarily compridng a oxnpoate of dqposited 
pi caldum and phosphate in the fonn of hydroxyapatite, collagen (predominantiy lype I collagen) and bone 
odls, such as osteoblasts, osteocytes and osteoclasts, as well as to ttie bcxie marrow tissue whidi fonns in 
ttie intmoroftnieendodKHidral bone. Cartilage refers to a type of connective tissue that contains 
diondrocytes embedded in an extracdlular networic comprising fibrils of collagen ^redominanfly Type n 
30 collagen along with otiier minor types, eg. Types DC and XI), various proteoglycans (e.g., dicmdroitin 

sulfate, keratan sulfate, and dennatan sul£ate proteoglycans), otiier protehis, and water. Articular cartilage 
refers to hyaline or articular cartilage, an avascular, nonnnineralized tissue which covers the articulating 
surfaces of the portions of bones in joints and allows movement in. joints without direa bcHie-to-bone 
contact, and thereby prevents wearing down and damage to oppos^ing bone surfaces. Most normal healtiiy 
35 articular cartilage is referred to as "hyaline," i.e., having a characteristic fiosted glass ^^pearance. Under 
{Aysiological conditions, articular cartilage tissue rests on the underiying, mineralized bone surface, the 
subchondral bone, which contains highly vascularized ossicles. These highly vascularized ossicles can 
[»ovide diffusible nutrients to tiie overiying cartilage, but not mesendiymal stem cells. 
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S '^ligament** is intended to mean both the lope-like stnictures of white fibrous connective tissue 

which attach anterior extremities of intracting bones, as well as the tissue defining a synovial capsule. 
"Synovial membrane" is intended to define the conneciive tissue membrane lining the interior of the 
synovial cavity and which is involved in synovial fluid secretion. "Tendon" is intended to define the 
connective tissue stmcture which joins muscle to bone. 

10 

fieplacgmgnt Body P^it? 

As disclosed herein, the instant invention provide mediods and compositions for replacing and 
repairing a defective body pait Hie method comprises the steps of suigically exci^ng the defective body 
pait, implanting a device comprising a matrix of the type described above at the site of excision, and, as 
necessary, suigically repairing tissues adjacent the site of excision as described herein below. For example, 
for synovial joint replacement, it is desirable to repair the joint capsule, including the synovial membrane 
and ligaments, so as to suigically approximate the joint structure as it occurs physiological conditions, 
ffaeieby recreating the avascular enviionmmt which is the synovial cavity and vMch is bathed in synovial 
fluid It also is preferable to suture or otherwise medianically temporarily connect the implanted device to 
sunounding tissue. 

In one mibodiment the device is constructed to rq)Iace part or all of a mammalian skeletal joint 
structure and includes a matrix having reddues for plural, distinct tissues, including two or more of bone, 
cartilage, ligament, tendoii, synovial capsule and/or syiK>vial membrane tissue. 

In anoth^ embodiment the device is oxistiucted to replace an individual tissue of a mammalian 
skel^joint,indu(fing an individual avasoto As demonstrated heran, the 

device is competent to induce foncd(Hial leplaoem^ tissue foimadoh, induding a^cular caitila^, from 
re^nding cells present in ttie local environment, induding a synovial environment, and wifliout requiring 
cdlulariiifiltiatiQa of mesendiymalcdlsfinam a vascularized musdefla^ Tlie matrix of this embodiment 
conq»ises residues spedfic for, or diaracterisdc of, and/or derived from, tissue of the same type as the 
individual tissue to be rqflaced In another embodiment, ttie matrix comprises devitalized rion^mineralized 
tissue. In a preferred embodiment, the replacement tissue can indude aiticular caitilage, ligament, bone, 
tmdon or synovial capsule tissue. 

In a partial or complete joint replacement, it is preferred but not required to include in the practice 
of the method the additional step of threading a muscle flap into a hollow poition of the implanted device. 
For example, using the method described in Khouri, U.S. 5,067,963, the disclosure of which is 
40 incoiporated herein by reference and herewith below, a musde flap, whidi can itself be pretreated with 

-12- 


u 

JOSS. 

m 
y 


5 osteogenic piotein, can be suigically introduced into a cavity in the imfflanted matrix, such as the manow 
cavity of devitalized bone, to provide a blood supply to expedite morphogenesis of vascularized tissue and 

to provide a ready supply of mesenchymal stem cells. 

The matrix of instant invention has utility as an implantable device when osteogenic protein is 
1 0 diq)osed on the surfaces of the matrix* present in an amount sufficient to induce fonnation of each of the 
replacement tissues. This permits regeneration of the body part wittiin the mammal, including plural 
tissues of i^prc^riate size, interrelationship, and fimcticm. Osteogenic proteins contemplated to be useful 
in the instant invention are described bdow and have been eadier-described in, for example, U.S. Pat Nos. 
4^68,550, 5,258,499 and 5,266,683, the disclosures of wWch are incoiporated by reference hereia Hie 
15 osteogmic protein can be, for example, any of the known bone morphogmetic proteins and/or equivalents 
thereof described herein and/or in the art and includes naturally souroed mat^al, recombinant material, 
and any material otherwise produced which is capable of inducing tissue moiphogen^s. 


The methods and materials of the instant invention are especially useful for the repair and/or 
ipJQ partial or complete rq>lao^ent of mammalian body joints, including, widx)ut limitation, articulating joints, 
particulady joints enclosed by a ligamentous av>sule and bathed in synovial fluid. 


HI 


n 
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In some synovial joints, the movement is uniaxial, Le., all movements take place around one axis: 
Am(Hig fliese are the ^nglymus or hinge joint in which the axis of movement is transverse to the axes of the 
^^|25 bones, and the trochoid or ph^ot joint in which the axis is loiigitudinal. In the case of biaxial synovial 

joints, movem^its are around two axes at a right angile or any other angle to each other These include the 
condyloid, tfie eUipsoid, and the saddle joints. There is a third type of syiK)vial joint, the ^herpidal or ball- 
and-sodcet joint, in wtiidi ti^ movements are polyaxial, Le., movements are p^nutted in an infinite number 
ofaxes. RnaUy, there are the plane or glidii^-type synovial joi^ 

30 

In hinge joints, the articular suifaces are molded to each oOacr in such a m anner as to peimit 
motion in only oie plane around ttie transveise axis. Flexion at the elbow joint is an example; other 
examples include the interphalangeal joints of both the fingers and toes. In pivot joints, movement in a 
(Hvot joint also occurs around a single axis, however, it is the longitudinal axis. There are several pivot 

35 joints in the human body, such as the proximal radioulnar articulatioa In condylar joints include, 

movement occurs principally in one plane. The tibiofemoral articulation of the knee joint is an example. In 
ellipsoid joint include, movement is around two principal axes whidi are at right angles to each other. 
Examples of these joints include the radiocarpal and metacarpophalangeal joints. In a saddle joint, the 
articular end of the proximal bone is concave in one axis and convex in a perpendicular axis. These 

40 surfaces fit reciprocally into convex and concave surfaces of the distal bone. The best example of a saddle 
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5 joimisthecaipcmietacaipaljoimofthethumb. AbaU-and-soc^etjoimisoneinwhichthedisialbOM 
capable of motion aiound an indefinite number of axes wi A one common center. Examples of this form of 
articulation arc found in the hip and shoulder joints. A plane or ghding-type joint allows a slight slipping 
or sliding of one bone over the other. Unlike the above-described joints, the amount of motion l)etween the 
surfaces is limited by the ligaments or osseous processes that surround the aiticulation. This is the fomi 

10 present in tiie joints between the aiticular processes of oeitain vertebrae, the caipal joints, and the 
intennetatarsal joints. 

AlttxMigh it is contemplated that ttie present invouion is usable to xepm defects including bone and 
aiticular cartilage elsewhere in a mammalian body, aspects of the invention are here illustrated in 
IS connection with the articulating surfaces on the femur in a laieejoim 10 iUusb^ 1. 


S FIG. 1 illustrates a knee joint 10 between the bottom of a femur 11 and the top of a ubia 12. For 

^1 clarity of illustration, only portions 13 and 14 of the medial and latend collateral ligaments whidi movably 

b| tie the femm 1 1 to the underiying tibia 12 and fibula IS, are shown in FIG. 1. Similariy, the joint o^sule 

^0 is represented by ttie exterior daric lining 2S , and the synovial membrane, ^ch lines ttie synovial cavity 


CI 
■fli 


and secretes ttie lubricating synovial fluid, is represented by the interior dark lining 26. Normally 
interposed between the opposing surfaces of ttie femur 11 and tiUa 12 are lateral and medial m^scus 
cartilages 16 and n arid anterior and posterior oudateUgameiits (not sto The convody curved 
HI conctyles 20 and 2 1 at ttie lower end of ttie femur 1 1 are normally supported by the meruscus cartilages 1 6 
lbs and 17, respectivdy, (Hi ttie upper end of ttie tibia 12. Normally, the lower end of the femur 1 1, including 
m the cond^es 20 and 21, are covered by a layer 22 of hyaline cartilage material, referred to as the articular 
cartilage22. Tte articular cartilage 22 fonns a geiieraUyresiU^ padding wUch^ 
Ibeloweroidofttiefiemur 11 to protea die latter finnn wear Moreover, the 

articular cartilage 22, when lutoicated by ttie synovial fluid in the knee joint 10, prSvides a sur£ace which is 
30 readily didable on the uiideriyirig surfaces of tliemeiiiscusca^ 16 and 17 (or on tt^ upper surface of 
the tibia 1 2 should one or both of the meniscus cartilage 1 6 and 1 7 be partty or totally absent) during 
articulation of ttie knee joint 10. 

i 

A portion of the articular cartilage may become dunaged by injury or disease, or become 
3S excessively worn. FIG. 1 illustrates an example of a damaged area 23. 

Matrix Considerations 

As will be appreciated by the skilled artisan, provided the matrix tias a ttuee dimensional structurc 
40 sufiident to act as a scaffold for infiltrating cells, and includes die residues specific for, or characteristic 
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5 of, and/or which arc derived from, the same tissue type as the tissue to be rq)aiied, the precise nature of the 
substrate perse used for the matrices disclosed herein is not deteraiinative of a matrix's ultimate ability to 
repair and regenerate replacemeni tissue. In Uie insiani invention, tlie substrate serves as a scaffold upon 
which certain cellular events, mediated by an osteogenic protein, necessarily will occur. The specific 
responses to the osteogenic protein ultimately are dictated by ttie endogenous microenvironment at the 

10 implant site and the developmental potential of die lesponding cdls. As also will be appreciated by the 
skilled artisan, the predse choice of substrate utilized for the matrices disclosed herein will depend, in pan, 
upon the type of defea to be repaired, anatomical considerations such as the extent of vascularization at the 
defect site, and the like. 

IS The matrix of the invention may be obtained as follows. A replacement tissue or body part to be 

used as a r^laoement body part and which comprises at least two disdnct tissues in association to form the 
body part, is provided, as from a cadaver, or from a bone bardc and treated, as by ethanol treamient and 
ddiydrated by lyoptulization, so that the remaimng material is non-pathogenic and sufficient non-antigenic 
10 prevent graft rejectioa As described above, the thus treated material having utility in the devices of the 


o 

m 


^'20 invmtion further comprises the residues of the extracted tissue or tissues fsom which it is derived. A 
iil rqflaoement body part matrix thus treated further is dimensioned such that the residues have a structural 
relationship to each other which mimic ttiat of the body part to be replaced 
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f^flt^ii^l-gnniped Matrices 


Suitable allogenic or xenogenic matrices can be created as described herein below, using methods 
well known in the art Preferably, ttie replacement body part or tissue is obtained ftesh,firom a ca^ 
from a tissue bank which freezes its tissues upon harvest InaUcasesandaswillbeqjpredatedbythe 
pntcliticmer in tiie fidd, it is prefieiable to freeze 
30 immediateuse. Prior to use, tbe tissue is treated with a smtaUe agent to extract die o^ 

ocm^onents of the tissue 80 as to devitalize the tissue. The agent also should l)ea^le of extracdng any 
gro WOi inhibiting components associated with the tissue, as well as to extract or otherwise destroy any 
pathogens. The resultirig material is an aoeUularmai^rixdefinirig interstices that can 
and is substantially deleted in non-structurally-associated components. 

35 

In a currendy preferred procedure, the tissue is devitalized following a methodology such as that 
used in the art for fixing tissue. The tissue is exposed to a non-polar solvent, such as 100% (200 proof) 
ettianol, for a time sufficient to substantially replace the water content of the tissue with ethanol and to 
destroy ttie cellular stnicture of the tissue. Typically, the tissue is exposed to 200 proof ethanol for several 
40 days, at a temperature in the range of about 4"" - 40^C, taking care to replace the solution with fi^h etiianol 
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eveiy 6-12 hours, until such time as the liquid content of the tissue comprises 70-90% ethanoL Typically, 
treatment for 3-4 days is appropriate. The volume of liquid added should be more than enou^ to 

submerge the tissue. The treated tissue then is lyoplilizcd. The resulting, dry matrix is substantially 
depleted in non-stiuctural components but retains both intracellular and extracellular matrix components 
derived from the tissue. 

Numerous other methods are described in the ait for extracting tissues, including mineralized tissue 
such as bone, and for rendering these tissues biocompatible for allQgoiic or xenogenic implants. See, for 
example, Sampath ct al. (1983) PNAS fiQ:6591-6595, US 5,011,691, and U.S, Patent Nos. 4,975,526 and 
5,171,574, Tliese publications describe extraction witti 4M guanidine-HQ, 50mM TYis-Ha, pH 7.0 for 
16 hours at 4''C and various deglycosylating and collage fibril modifying agents, including hydrogen 
fluoride, trifluorocetic acid, didiloromethane, acetonitrile, isoprc^ol, heated, addic aqueous solutions, 
and various combinations of these reagents. Ttie disclosures of iiie patents is incorporated herein by 
reference. As described therein and below, where the matrix is treated with a fibril-modifyirig zgeau the 
treated matrix can be washed to remove any extraaed components, following a form of the procedure set 
forth bdow: 

1. Suspend matrix preparation in TBS (Tris-buffered saline) lg/200 ml and stir at 4^C for 

2 hrs; or in 6 M urea, 50 mM Tris-HQ, 500 mM NaCU pH 7.0 (UTBS) or water and stir 
at room temperature (RT) for 30 minutes (sufficient time to neutralize the pH); 

2. (Centrifuge and repeat wash st^; and 

3. CSentrifiige; discard supernatant; water wash residue; and then lyophilize. 

Tteated allogenic or xenogenic matrices are envisi(xied to have particular utility for aeating 
devices for fonning rqplacem^ body parts comprising plund distinct tissues, as well as for creatirig 
devices for lefdadng individual tissues, su(^ as Forexample, 
a iqdacement ligament device can be formulated from an allogeruc ligament matrix and osteqg^c protein, 
and inqdanted at a skeletal joint locus following standard surgical procedures for autogenous ligament 
gqflacement. Similady, an allogenic articular cartilage device can be fonned from devitalized cartilage 
tissue, or other inert, non-nuneralized matrix material and osteogenic protein, and the device laid on the 
subchondral bone surface as a sheet Alternatively, a formulated device can be pulverized or otherwise 
medianically abraded to produce particles which can be formulated into a paste or gel as described herein 
for application to the bone surface. 

gynth^pM^ceg 
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5 As an alternative to a natural-sourced matrix, or as a supplement to be used in omibination witti a 

natural-sourced matrix, a suitable matrix also can be fomiulated denovo, using (1) residues derived fiom 
and/or characteristic of, or specific for, tlie same tissue type as the tissue to be repaired, and (2) one or 
more materialswhich serve to create a three-dimensional scaffolding structure that can be formed or 
molded to take on the dimensions of the replacement tissue desired. In some circumstances, as in the 

10 formation of articular cartilage on a subchondral bone surface, osteogenic protein in combination with a 
matrix defining a three-dim^ional scaffolding stmcture suffident to allow the attadunent of infiltrating 
cells and composed of a non-mineralized material can be sufGdent Any one or oombinaticxi of materials 
can be used to advantage, induding, without limitation, collage homopolymers or copolymers of glycolic 
acid, lactic acid, and butyric add, induding derivatives thereof, and ceramics, sudi as hydroxyapatite, 

15 tricaldum phos[Aiate and other caldum phosphates and combinations thereof. 

The tissue-specific compon^ of a synthetic matrix readily can be obtained by devitalizing an 
g| allogenic or xenogenic tissue as described above and then pulerizing or otherwise mechanically breaking 

down the insoluble matrix remainiiig. This particulate material tten can be comUned vdth one or more 
f|20 structural materials, induding those described hereia Altemativdy,tissue-spedficcompon^itscanbe 
HI further purified from the treated matrix using standard extraction procedures wdl characterized in the art 

and, using starxlard analysis procedures, the extracted material at each purification step can be tested for its 
m tissue-spedfidty capaUlity. See, for example, Sampath et aL (1987) PNAS 2&:7S99-7603 and US 
I 4,968,590 for exemplary tissue extraction protocols. 

fll A synthetic matrix may be desired where, for example, replacement articular cartilage is desired in 

an existing joint to, for raample, correct a tear or limited siq)erfidal defect in the tissue, or to increase ttie 
bdgbt of ttie articular cartilage surface now worn due to age, dise Sudi*'vesurfacing*'ofttie 
articalar cartilage lay^ can be achieved using the methods and oompositicxis of tbelnvention by, in one 
30 embodiment, treating a sheet of aUograic or xenogenic aitiadar cartilage tissue as desoibed hmdn, coating 
file resulting matrix witfi osteogenic protein, rolling iqp the formulated deWce so ttiat it can be introduced to 
die joint using standard orthoscopic surgical techniques and, once provided to flie site, unrolling the device 
as alayer onto the articular bone surface. In another embodiment, the ctevice is formulated as apaste or 
injectable gel-like substance that can be injected onto the articular bone surface in die joint also using 
35 standard oithoscopic surgical techniques. In jOiis embodiment, the formulation may comprise a pulverized 
or odierwise mechanically degraded device comprising both matrix and osteogeruc protein and, in addition, 
one or more components whidi serve to bind the particles into a paste-like or gel-like substance. Binding 
materials well characterized in the art include, for example, caiboxymethylcellulose, glycerol, polyetiiylene- 
glycol and the like. Alternatively, tfie device can comprise osteogemc protein dispersed in a synthetic 
40 matrix v^ch provides the desired physical properties. As an example, a syntiietic matrix having tissue 
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S spedfidty for caitilage and bone is described in W091/1SSS8, published December 21, 1991 and herein 
below. Briefly, the matrix comprises a porous crosslinked structural polymer of biocompatible, 
biodegradable collagen and appropriate, tissue-specific glycosaminoglycans as lissuc-specific cell 
attachment factors. Collagen derived from a number of sources can be used, including insoluble collagen, 
acid-soluble collagen, collagen soluble in neutral or basic aqueous solutions, as well as those coUagens 

10 which are commercially available. 

Glycosaminoglycans (G AGs) or mucopolysaccharides are hexosamine-containing polysaccharides 
of animal origin that have a tissue specific distribution, and therefore may be used to help determine the 
tissue specificity of the moiphogen-stimulated differ^tiating cells. Reaction with the GAGs also provides 
15 collagen witti another valuable property, i.e„ inability to provoke an immune reaction (foreign body 
reaction) from an animal host 

i ! 

Chemically, GAGs are made up of residues of hexoamines glycosidically bound and alternating in 
51 a more-or-less regular manner with either hexouronic acid or hexose moieties (see, e.g., Dodgson et aL in 

20 Cartx)hvdrate Metabolism and its Disorders (Dickens et al., eds.) VoL 1, Academic Press (1968)). Usefiil 
m GAGs include hyaluronic acid, heparin, hq)arin sulfate, chcHidroitin 6-sulfate, chondroitin 4-sulfate, 
vi dematan sulfate, and keratin sulfate. Other GAGs also can be used for fonning the matrix described 
p herein, and those skilled in the art will eittier kno w or be able to ascertain other suitable GAGs using no 
m more than routine experimentatiorL Fbr a more detailed description of mucopolysaccharides, see Aspinall, 

25 Polysaccharides . Peigamon Press, Oxford (1970). 

VST 

Collagen can be reacted with a GAG in aqueous addic solutions, preferably in diluted acetic acid 
solutions. By adding Ae GAG dropwise into the aqueous coUagoi dispersion, coprediHtates of tangled 
collagen fibrils coated with (jAG results. This tangled mass of fibers fhm can be homogenized to form a 
30 homogeneous dispersion of fine fibers and thm flitted and dried. 

Insolubility of the coUagOT-GAG products can be raised to the desired degree by covalently cross- 
linking these materials, which also serves to. raise the resistance to resorption of these materials. In general, 
any covalent cross-linking method suitable tor cross-linking collagen also is suitable for cross-linking these 
35 composite materials, although crosslinking by a dehydrothermal process is preferred. 

Fbrmulation Considerations 

The devices of the invention can be formulated using any of the methods described in the ait for 
40 formulating osteg^c devices. See, for example, US Patent No. 5,266,683, the disclosure of which is 
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ihooiporated hercin by mfeience. Briefly, osteogenic protein typically is dissolved in a suitable solvent and 
combined with the matrix. The components are allowed to associate. Topically, the combined material 
then is lyophilizcd, wiUi ilie result iliat ihc osteogenic protein is disposed on, or adsorl)ed to the surfaces of 
the matrix. Useful solubilizing solvents include, without limitation, an ethanoltrifluoroacetic acid solution, 
e.g., 47^% EtOHA).01% IFA; and acetonitrile/TFA solution, ethanol or ethanol in water, and 
physiologically buffeted saline solutions. Fonnulations in an addic buffer can fadliate adsoiption of OPl 
onto the matrix sur£ace. F6r the leplacement body pait devices of the invention, ttie currently piefened 
formulation protocol is incubation of matrix and osteogenic protein in an ethanol/lFA solution (e.g., 30- 
40% EtOIiA).01-0.1%TFA) for 24 hours, followed by lyophilization. This procedure is sufficient to 
adsort) or precipitate 70-90% of the protein onto the matrix surface. 

The quantity of osteogenic protein used will depend on the size of r^Iacrai^ device to be used 
and on the specific activity of the osteogenic protein. Typic^iUy, 0.3 mg-lGO mg/10 g of matrix, dry 
weight, can be used to advantage. 

In addition to osteog^c proteins, various growth factors, hoimones, en^mes, therapeutic 
compositions, antibiotics, or other bioactive agents also can be adsort)ed onto, or impregnated within, a 
substrate and released over time whra implanted and the matrix slowly is absorbed. Thus, various known 
growtti factors such as EOF, PDGF, IGF, FGF, TGF-a, and TGF-b can be released m vivo . The matrix 
can also be used to release cfaemottierapeutic agents, insulin, razymes, enzyme inhitntors or chemotactic- 
cfaemoattractant fiaclors. 

Protein Consideratims 

As defined herein, ttie osteogemc protdns useful in the OHnposition and m^hods of the invention 
30 include the £amily of dimeric proteins having endochondral bone activity vAiea implanted in a mammal in 
association with a matrix and wliidi comprise a subdass of the **sispcT family** of TGF^like** [m)teins. 
The natural-souroed osteogenic protein in its rnature, native form is a glycosylated dimer tyincally having 
an s^arent molecular weight of about 30-36 kDa as detennined by SDS-PAGE. When reduced, the 30 
kDa protein gives rise to two glycosylated^ peptide subunits having apparent molecular weights of about 16 
35 kDa and 18 kDa. In the reduced state, the protein has no detectable osteogenic activity. The 

unglycosylated protein, which also has osteogenic activity, has an apparent molecular weight of about 27 
kDa. When reduced, tiie 27 kDa protein gives rise to two imglycosylated polypeptides having molecular 
weights of about 14 kDa to 16 kDa capable of inducing endochondral bone formation in a mammal. Useful 
sequences include those comprising the C-tenninal 102 amino add sequences of DPP (from Drosophila), . 
40 Vgl (fiom Xenopus), Vgr-1 (fiom mouse), the OPl and OP2 proteins, proteins (see U.S. Pat No. 
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5 5.01 1,691 and Of^imann ct aL, as well as ttie proteins lefened to as BMP2, BMW, BMP4 (see 
WO88A)0205, U. S, Patent No. 5,013,649 and W091/18098), BMP5 and BMP6 (see WO90/1 1366, 
PCTAJS90/01630 and BMP8 and 9. 

Hie members of this family of proteins share a conserved six or seven cysteine skeleton in the 
10 C-tenninal legicxi. See, for example, 335-431 of Seq. ID No, 1 and whose sequ^ice defines the six 

cysteine skdeton readues refened to herein as "OPS", or residues 330-431 of Seq. ED No. 1, comprising 
102 amino adds and vdiose sequence defines the seven cysteine skeleton. 

This family of proteins includes lor^er fonns of a given protein, as well as phylogenetic, e.g., 
15 spedes and alldic variants and Inosynthetic mutants, includirig additicHi and deletion mutants and variants, 

sudi as those \^ch may alter the conserved C-tenninal cysteine skdetori, ^ 
rl allows the protein to form adimeric spedes having a cofifomiationcsptble ofiiidudiig b^ foimadonina 
mammfll whfji implanted in the mammal in assodation with a matrix. In addition, ttie osteogenic proteins 
useful in devices of diis inventicm may indude forms having varying glycosyladon patterns and varying N- 
^0 termini, may be naturally occurring or biosynthetically derived, and may be produced by expression of 
j f I recombinant DNA in procaryotic or eucaryotic host cells. The proteins are active as a single spedes (e.g., 

s as homodimers), or combined as a mixed species, including heterodBmers. 

CI 

m : ' 

H I in one embodiment, the osteogenic protein cont^plated herein onnixises OPl or an OPl-related 

il5 sequence, Usefiil OPl sequences are redted in US Pat Nos. 5,01 1,691; 5,018,753 and 5,266,683; in 
OzkaynaketaL (1990) EMBQJ 2:2085-2093; and SarapathetaL (1993) 6004-6008. OP-1 

rdaled sequences indude xenogenic homdlogs, e.g,; 60A, fnwn Drosoirtiila, Wharton et aL (1991) PNAS 
M:9214-9218; andprcMeins sharing greater than 60% identity with OPl in the C4enninal seven cysteine 
domain, preferably at least 65% identity. Examples of OP-1 related sequ^ices indude BMP5, BMP6 (and 
30 its spedes homolog Vgr-l, Lyons et aL (1989) PNAS M:4554-4558), Celeste, et aL (1990) PNAS 
£2:9843-9847 and PCT international appUcation WO93A)0432; OP-2 (Ozkaynak et aL (1992) LBioL 
Qiem. 2£Z:13198-13205) As will be appredated by those having ordinary doll in the art, diimeric 
omstnicts readily can be created u^g.standard molecular biology and mutag^iesis techruques combining 
various portions of differrat morphogcnic protein sequences to create a novd sequwce, and ttiese forms of 
35 ttie protein also are contemfdated hereia 

In anottier preferred aspect, the invention contemplates osteogenic proteins comprising species of 
polypeptide chains having the generic amino acid sequence herein referred to as "OPX" which 
acconunodates the homologies between the various id^itified species of the osteogenic OPl aiKi OP2 
40 proteiris, arid wUch is described by the amino add sequericepreseritedbdow arid in S^ 3. 
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Cys Xaa Xaa His Glu Leu Tyr Val Ser Phe 

1 5 10 

Xaa Asp Leu Gly Trp Xaa Asp Trp Xaa lie 
15 20 

10 Ala Pro Xaa Gly Tyr Xaa Ala Tyr Tyr Cys 

25 30 
Glu Gly Glu Cys Xaa Phe Pro Leu Xaa Ser 

35 40 
Xaa Met Asn Ala Thr Asn His Ala Ue Xaa 
15 45 50 

Gin Xaa Leu Val His Xaa Xaa Xaa Pro Xaa 

55 60 
Xaa Val Pro Lys Xaa Cys Cys Ala Pro Thr 

65 70 

h20 Xaa Leu Xaa Ala Xaa Ser Val Leu Tyr Xaa 

Cl 75 80 

O Asp Xaa Ser Xaa Asn Val IleLeuXaaLys 

Si 85 90 

W Xaa Aig Asn Met Val Val Xaa Ala Cys Gly 

p5 95 100 


Cys His, 


and^eieinXaaatie& 2=:0^ysor Aig); Xaaaties. 3 = (Lysor Ai]^; Xaa at res. ll = (AigorGljQ);Xaa 
f|l at les. 16 = (Gin or Leu); Xaa at les. 19 - (He or Val); Xaa at les. 23 = (Glu or Gin); Xaa at res. 26 = 
^SO (Ala or Ser); Xaa at res. 35 - (Ala or Ser); Xaa at res. 39 = (Asn or Asp); Xaa at res. 41 = (Tyr or Cys); 
Xaa at res. 50 = (Val or Leu); Xaa at res, 52 = (Ser or Thr); Xaa at res. 56 = (Phe or Leu); Xaa at res. 57 
= (He or Met); Xaa at res. 58 = (Asn or Lys); Xaa at res. 60 = (Glu, Asp or Asn); Xaa at res. 6 1 - (Thr, 
Ala or Val); Xaa at res. 65 = (Pro or Ala); Xaa at res. 71 = (Gin or Lys); Xaa at r»5. 73 = (Asn or Ser); 
Xaa at res. 75 = (He or Thr); Xaa at res. 80 = (Phe or Tyr); Xaa at res. 82 » (Asp or Ser); Xaa at res. 84 = 
35 (S^orAsn);Xaaatres.89 = C^y8orAis);Xaaatres.91s(TyorHis);andXaa^^ 
Lys). 

In still another preferred aspect, one or both of the polypeptide duun subunits of the 
osteogenerically active dimer is enooded by nucleic acids which hybridize to DN A or RNA sequences 
40 encoding the active region of DPI under stringent hybridization conditions. As used herein, stringent 
hybridization conditions are defined as hybridization in 40% fonnamide, 5 X SSPE, 5 X Denhardt's 
Solution, and 0.1% SDS at 37^C ovemigiht, and washing in 0.1 X SSPE, 0.1% SDS at 50''C. 
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Given ttie foiegoing amino acid and DN A sequence infonnation, the level of skill in the ait, and the 
disclosures of numerous publications on osteogenic proteins, including U.S. Patent 3,01 1,691 and 
published PCT specification US 89/01469, published Oclobcr 19, 1989, various DNAs can be consUiicted 
which encode at least the active domain of an osteogenic protein useful in the devices of this invention, and 
various analogs thereof (including species and allelic variants and those containing genetically engineered 
mutations), as wdl as fusicxi proteins, tnmcated foims of die mature proteins, deletion and addition 
mutants, and similar constructs which can be used in the devices and methods of ttie inventioa Moreover, 
DNA hybridization probes can be constnicted finom firs^ents of any of these proteins, or designed jjg novo 
from the gen^c sequrace. These imbes then can be used to screen different genomic and cDN A libraries 
to identify additioiial osteogenic proteins useful iii the prosthetic devices of this inventioa 

The DNAs can be produced by those skilled in the art using well known DNA manipulation 
techniques involving g^iomic and gDNA. isolation, constPiction of synthetic DNA from synthesked 
oligonucleotides, and cassette mutagenesis techniques. 1 5- lOOmer oligonucleotides may be synthesized on 
a DNA synthesizer, and purified by polyacrylamide gel electrophoresis (PAGE) in Tris-Borate-EDTA 
buffer. The DNA ttien may be dectroeluted from the geL Overlapping oUgomers may be phosi^orylated 
by T4 polynucleotide kinase and ligated into laiger Uodcs vAiich may also be purified by PAGE. 

The DNA from appropriately identified clones then can be isolated, subdoned (preferaUy into an 
e9q)ression vector), and sequenced Plasmids oontaiiiingsequ^K:es of interest ttien can be tnitisfecte^ 
an zppiopnBXc host cell for protein expression and furtfier characterizarioa The host may be a procaryotic 
or eucaiyotic cell since ttie fonnei's inability to glycosylate protein will not destroy the protein's 
moq^enic activity. Useful host cdls include 1^ cqU, Saccharomyces . the insed/baculovirtis cdl systm, 
mydoma cells, CHO ceUs and various other mammalian cells. The vectors additionally may encode 
various sequences to promote oonect expression of the recombinant protein, including transcription 
(xomoter and lamination sequraces, enhancer sequences, ^fened ribos(xne binding site sequences, 
prefeixed mRNA leader sequences, preferred signal sequences for protein secretion, and the like. 

The DNA sequence encoding the gene of interest also may be manipulated to remove potentially 
inhibiting sequences or to minimilze unwanted secondary structure fonnatioa The recombinant osteogenic 
protein also may be expressed as a fusion protein. After being translated, the protein may be purified from 
the cdls tiiemselves or recovered from the culture medium. All biologically active protein forms comprise 
dimeric species joined by disulfide bonds or otherwise associated, produced by folding and oxidizing one or 
more of the various recombinant polypeptide chains within an appropriate eucaryotic cell or m vitro after 
e;q>ression of individual subunits. A detailed description of osteogenic proteins expressed from 
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S reoomtMnant DN A in Rcoli and in numerous different mammalian cells is disclosed in U.S. Patmt 
No. 5,266,963. tlie disclosure of which is hereby incorporated by reference. 

Alternatively, osteogenic polypeptide chains can be synthesized diemically using conventional 
peptide synthesis techniques well known to those having ordinary skill in the ait For example, the proteins 
may be synthesized intact or in parts on a solid phase peptide synthesizer, using standard operating 
procedures. Completed chains then are deprotected and purified by HPLC (high pressure liquid 
duomatogra{Ay)« If the protein is synthesized in parts, the parts may be peptide bonded using staii^^ 
mettiodologies to form tfie intact pn>teia In general, the manner in which the osteogenic proteins are made 
can be conventional and does not form a part of this inventioa 

pxempUfic^tipn 

The means for making and using the matrices and devices of the invention, as well as ottier 
material aspects concenung the nature and utility of ttiese ccxnpositions, including how to make and how to 
use the subject matter claimed, will be fiirttier understood £com the following, which constitutes the best 
mode currently contemplated for practicing the inventioa It will be ai^redated that the invention is not 
limited to sudi exraiplary work or to the specific details set forth in ttiese examples. 

In ttie exemplificatioiu a bemi-joint reoonstmction of an articulating synovial joint is resected into 
an ensting joint locus. As be predated by those having ordiiiary skill in the art, the mettiods and 
compo^tions of the invention equally can be aqpplied to the formation of replacement body parts ottier than 
skeletal joints, as well as to skeletal joints ottier than articulating or synovial joints. Moreover, if desired, a 
r^acement autogenous joint can be ccmstructed in the redpient first by pladng tiie device of the invention 
at anoflier convenient locus ^Bstal to ttie defect site, for a time sufficient to induce fbmiation of ttie 
iq)lacement body part, and the autogenous body part ttius formed then sutured into the joint locus for use. 

Example 1. Recoastoiction of a Mammalian Hemi-Joint 

New Zealand white rabbits were used as ttie experimental model Standard orttiopedic surgical 
35 equipment and procedures were used. 

As depicted in Fig. 2A, joint defects were created in a recipient by surgically resecting the entire 
gleno-humeral hemiaiticular complex vdth the proximal two-thirds of the humems. Allografts for 
implantation were prepared from hemi*joints excised from a donor animal with the articular surface of the 
40 glenohumoral joint All allQgrafits were extracted in ethanol and lyq)hilized using starxlard imcedures, and 


as described herein above, to destroy the pathogenicity and antigenidty of the material. Specifically, intact 
joint complexes were excised, demanaowed and ethanol treated by exposure to 200ml-500ml of 700 proof 
elhanol for 72 hours at 40 C. Fresh ethanol was provided every 6-8 hours. Following ethanol ireaunent, 
the matrix was lyophilized and rehydrated in ethanol/IFA, with or without osteogenic proteiit The treated 
hemi-joints comprised devitalized bone, aiticular caitilage, ligament, tendon, synovialcapsule and synovial 
membrane tissue. 

As illustrated in Fig. 2B, all lyophilized, osteogenic protein-treated allografts were coated with OP- 
1 as described in U.S. 5,011,691. Spedfically, mature, dimeric reoMnbinant OP-1 (ihOPl) was solubilized 
in an acetonitiile trifluoro-acetic acid solution, combined with the lyophilized allograft, and implanted. 15- 
20mgprotein/8-10gmatrix,diy weight, was used. The distal bone portions of all allografts were secured 
in place with a four hole titanium miniplate. A meticulous su]:]^cal leconstnicdon of the joint capsule was 
pecfocmed by aituring the lyophilized oapstde erids to the endogenous capsule using standard surgical 
procedures wdl established in the ait using standard surgical procedures well established in the ait This 
recreated an intact capsule and synovial limng, thereby restoring the synovial milieu of the grafted articular 
surface. Motion was permitted almost immediately after surgery, again to restore normal joint conditions. 

In some animals, local muscle flaps (cutaneous maximus musde; Fig. 2Q were incorporated into 
the region of the defect by threading musde into the marrow cavity of the allograft as depicted in Fig. 2D, 
using the n^tbod of Khouri as desoibed in U.S. 5,067,963 the (fisdosure of vMdtt is iocoiporated herein 
byrefi^enoe. Briefly, vascularized and craveniem muscle flaps wmc dissected usin^ 
wdl known to the practitioner in reconstructive suigery, so as to miuntain a peifiising blood siq)ply, and 
threaded inside the bone marrow cavities of the allografts. 

Preliminaiy evaluations of the reconstructed bemi-joints were obtained by^rial weekly 
radiographs using X-ray, and/or magnetic rescmance imagiiig (MRI). Histological and medianical 
confirmatoiy evaluations were conducted upon saoifice at 5 wedcs and 6 months aft^ suigeiy. 

Mechanical evaluations involved standard range of motion (ROM) measuTMUCTts obtamed serially 
until sacrifice. Histological evaluations involved staining sagital sections through the harvested allografts 
using standard techniques. 

Briefly, identification of bona fide articular cartilage can be accomplished using ultrastmctural 
and/or biochemical parameters. For example, articular cartilage foims a continuous layer of cartilage 
tissue possessing identifiable zones. Tlie superficial zone is characterized by chondrocytes having a 
flattened moiphology and an extracellular netwoik which does not stain, or stains pooriy, with toluidine 
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S blue, indicating the relative absmce of sulphated proteoglycans. Oiondrocytes in ttie mid and deep zones 
have a spherical a[^)earance and the matrix contains abundant sulphated proteoglycans, as evidenced by 
staining with toluidine blue. Collagen fibers arc present diffusely throughout the matrix. The chondrocytes 
possess abundant rough endoplasmic reticulum and are surrounded by extracellular networic. The 
pericellular networic contains numerous thin non-banded collagen fibers. The collagen in the inteitenitorial 

10 netwoik is less compacted and embedded in electron translucent amor[Aious material, similar to articular 
cartilage. Collagen fibers in the inteitenitorial region of the. networic exhibit die periodic banding 
characteristic of ooUi^en fibers in the interterritorial zone of cartilage tissue. 

Biochemically, die presence of Typt U and Type IX collagen in die cartilage tissue is indicative of 
die differentiated lAioiotype of chondrocytes. The presence of Type n and/or Type IX collagen can be 
detemuned by standard gel dectrophoresis. Western blot analy^s and/or immunohisto-cfaemical stauiing 
using, for example, commendally available antibody. Other biodiemicai maricers inciude hematDxylin, 
eosin, Goldner*s Trichrome and SafianinO. 

Aiticular caitilage regeneration was evaluated histologically in the examples described herdn using 
^ycosaminogtycan-specific stains aiKi techniques well-known in the art For the initial histologic 
evaluation, the defect sites were bisected lengthwise through the center of die defect The resulting halves 
and surrounding tissue were embedded in pantftin and sectioned across d^ Qnehalfof 
eacbdefect was utilized for Ustological staining with toluidine blue and/brhonatoxlin and eosin, Goldno^'s 
Tticlirome and Safianin-O. The other half was used in prq)aring sections for immunostaining. Histological 
evaluations involved assessment of: glyoosaminoglycan cont^ in die repair caitilage; caitQage and 
dx>ndrocyte moipholQgy; and, structural integrity and moiphology at the defect inteiface. The 
moiphology of die iqpair cartilage was exhiUted for die type of caitilage foimed: aiticular vs. fibrotic by 
evaluating glycosaininoglycan content, degree of cartilage deposition, and die like/ 

Histological evaluations uang standard mediodolo^es well characterized in the ait also allows 
assessment of new bone and bone manow formation. See, for example, US PatNo. 5,266,683, die 
disdosureof wMch is incoiporated hereinabove by reference. Similariy, ligament and synovial capsule 
integrity can be mmtiomd by MRI, as well as by Mstology upon saoifice. 

pxamplel Rve Weeks Duration (Short Temi) 

For flic 5 week study, four groups with 10 rabbits per group were implanted with lyophilized 
allografts. See Figs. 3 A, 3B, 3C, and 3D. In Group 1, control lyophilized allograft 30 free of osteogenic 
40 protein, was implanted (Fig. 3 A). In Group 2, experimental lyo{Mized allograft 31 was impregnated with 
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5 OP-1 prior to implantation (Fig. 3B). In Group 3, control lyophilized allograft 30 free of osteograic 
protein, was implanted, with muscle flap 32 threaded into marrow cavity 33 (Fig. 3C). In Group 4, 
experimental lyophilized allograft 31 was impregnated with OP-1 prior to implantation, and muscle flap 32 
was threaded within the marrow cavity 33 (Fig. 3D). 

As stated above, graft healing was followed non-invasively with serial X-rays and standard MRI 
(magnetic resonance imaging). By X-ray assessment, allografts treated with osteongic protdn had a 
noticeably ttiickened cortex by 1 wedc post-operative, as compared witii control allografts (Groups 1, 3) 
which evidenced only a thin egg-shell-like coitex. By four wedcs the majority control allografts had 
fractured and were unstable. In contrast, OP-1 treated allografts (Groups 2, 4) remained stable. 

MRI also was used as a non-invasive means for following reformation of articular caitilage in the 
allografts. A daric signal produced by MR! r^resents absent or nonviable cartilage, wiiile a bright signal 
indicates live, viable caitilage. Controlallograftsproducedonlyadaricsignal, when tested at 1, 3 and S 
weeks post-q)erative. These MRI findings were confinned by histological analysis performed at S wedcs 
post-operative. Sagital sectioning through control allografts showed a degenerated articular surface with 
nolivecdls. 

By contrast, the MRI findings of the articular caps from OP-l-treated allografts showed a bright 
sigoal by week 3 post*operative, indicating regeneration of viable articular cartilage. Histolo^cal analysis 
of the OP- 1 -treated allografts at week S revealed a layer of newly generated articular cartilage on top of the 
allograft matrix. The allografts of Group 4 showed somewhat thicker cartilage layers than those of Group 
2, suggesting that the addition of the muscle QBp may further enhance ttie rate of joint regeneration 

Additionally, joints regenerated witii the OP-l-treated allografts regained normal range of 
30 motimbydietimettiey woe harvested at S weeks post-reconstructi<xi. The near normal nmge of motion 
also is incficative of die presence of hibricatitig synovial fluid. By contrast, the harvested control allografts 
wm stiff and contracted at harvest Thus, henu-joirit replacement devices of ttie invention succeeded in 
fonning mechanically .and functionally viable r^lacement joints, with an intact af)sule, and synovium, and 
fimctiorung ligamoit, bone and articular cartilage tissue. In the absence of osteogenic protein, the 
35 allografts, while not rejected by the donor, are insufficient on their own to generate a ftinctional, weight 
bearing joint 

Example 3 Six Months Duration ■ flLong Term) 
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S F6r ttie 6 month study, the variable of shaving off the old cartilaginous cap in the lyophilized 

allografts was introduced. Briefly, this was accomplished by mechanically sharing the articular cartilage 
cap of the joint surface. 

The following groups were used with 4 rabbits per group: in Group 5, lyophilized allograft 34 with 
10 shaved articular surface, and muscle flap 32 were implanted (see Fig. 4A); in Group 6, control lyophilized 
allograft 30 witti non-shaved articular surface, and muscle flap 32 were implanted (see Hg. 4B); in Group 
7, lyc^hilized allograft 35 witti shaved articular surface and OP-1, and muscle flap 36 treated witti OP-1 
were implanted (see Fig. 4Q; and, in Group 8, lyophilized allograft 37 with a non-shaved articular surface 
and OP-1, and musde flap 36 treated with OP-1 were implanted (see Fig. 4D). Grafts in Groups 5-8 were 
15 harvested at 6 months after surgeiy. 

Based upon pre-harvest imaging smdies, (he results colleoied by 3 motiths post-opeiative are 
m consistent with the above-<]escribed results collected at 5 weeks. Intaa allografts treated with OP-1 (Group 

8) regenerated a live cartila^ous articular surface by 3 weeks when evaluated using MRI. This articular 
^0 cap is still pres^ and even better developed at 3 months. Without OP-1 treatmwt of the allograft, (Group 
ill 6) there was negligiUe cartilage reg^eration relative to ttie OP-1 treated groups. 

Q 

II I Similariy, Group 8 rabbits (allograft + OPl , non-shaved) regained near normal range of motion 

p{ (greater than 80%) in tiie reconstnicted joint Group 7 rabbits (allograft + OPl, shaved adiieved only 
^ 50% range of motion, and Groups 5 and 6 (no OPl) achieved less than 30%. 

m 

As ctetennined by histology, the devices of the invention were competoit to induce and maintain 
both bone and articular cartilage fonnation in die s^ropriate context to one another in a long term 
study(greater than 6 months). Specifically, the rabUts of Group 8, demonstrated sliticular cartilage 
30 fonnation m ttie surface of bone, as evidenced moipholo^cally by ttie presence of resting, central and 
deeper zone chondrocytes. By contrast, in groiJ|)S treated only witii muscle flap, (Grot^ Sand 6) muscle 
was iqdacedwitii scar tissue. In the groups treated witii shaved bone matrices, no significant cartilage 
regoieration was identified, demonstrating the requirement for cartilage-specific residues in articular 
cartilage fonnation in a non-vascularized mileiu. 

35 

In both tiie short terai and long term study, mechanically and functionally viable synovial joints 
resulted from the reconstmcted liemijoints treated with osteogenic protein, as evicknced by morphology and 
biochemistry. In addition, new tissue formed, including articular cartilage, corresponding in shj^, kind 
40 and stmctural relationslup to the residues in the devitalized tissue which formed the matrix of the device. 
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CoUectivdly, these exaii4>les demonstrate that a device comprising osteogenic protein and an off-ttie-shelf , 
non-viable lyophilized, devitalized matrix can be transformed into aviable, mechanically and structurally 
functional replacement body part struciurc comprising plural distinct newly formed tissues which assume 
the shape and function of the original tissue. The device can restoie nornial function to a destroyed body 
pait including a destroyed skeletal joint, restoring mechanically and functionally viable plural distinct 
tissues, including boat and bone manow, aiticular caitilage, ligament, tendon, synovial capsule and 
synovial membrane tissue. Moreover, these tissues are restored under substantially physiological 
cmditionsincluding, for example, from responding cdlls present in a synovial environment, and without 
e3qx>su]:e to avasculaiized muscle tLzp. 


A device onnpri^ng osteogenic protdn-treated matrices, including lyophilized allografts or 
xenografts as (fisdosed herein can lead to the formation of a new, mechanically, structurally and 
functionally viable replac^wt tissue, and to replacement body paits comprising plural distinct tissues, 
populated by the host cells, and without any of the limitations of prosthetic materials. 

Those skilled in the art will know, or be able to ascertain using no mpre than routine 
e3q)erimwtation, many equival^its to the specific embodiments of the invention described herein. Hiese 
and all otti^ equivalents are intended to be raoompassed by ttie fdlo wing claims. 
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